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(54) Internal cylinder intake-air quantity calculating apparatus and method for variable valve 
open/closure timing controlled engine 



(57) In apparatus and method for calculating an 
internal cylinder intake-air quantity for a variable valve 
timing controlled engine, an air quantity flowing into the 
intake manifold from an output of an airflow meter is cal- 
culated, the airflow meter being installed in an upstream 
portion of an intake manifold with respect to an intake 
valve whose at lease closure timing is variably control- 
led, a cylinder volume of a corresponding cylinder of the 
engine is calculated, an income and outgo of an air 
quantity flowing into the intake manifold and a cylinder 
intake-air quantity flowing from the intake manifold into 
the corresponding cylinder is calculated to derive an air 
quantity in the intake manifold, the internal cylinder 
intake-air quantity is calculated on the basis of the air 
quantity of the intake manifold and the cylinder volume, 
and the calculated cylinder volume is corrected on the 
basis of at least valve closure timing of the intake valve. 
The calculated internal cylinder intake-air quantity is 
used to calculate a fuel injection quantity to be supplied 
to the corresponding cylinder through a fuel injector. 
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Description 

BACKGROUND OF THE INVENTION: 
5 Field of the Invention: 
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Si fnr?^ 6 '" ventlon ;? Iates sene raI ly to an internal cylinder intake-air quantity calculating apparatus and 

E?2L2£ T l .* ° K pen/d0SUre ttmln9 contro,led internal combusti °" engine in which open and closure Z 
ings o intake and exhaust valves are arbitrarily controlled. The present invention, more particular^ re.ates to thelnS- - 
nal cyhnder ,ntake-a.r quantrty calculating apparatus and method which accurate* calculate a cylinder intake! r 
a« S o n 1hlr ea f ° f 3 P ' Ura,i,y °' enQine Cy " nde,S (h6reinafter referred <° as a " nt kta 

r P ^To^^^^^^ 

is Description of the related art 

[0002] A Japanese Patent Application First Publication No. Showa 61-258942 published on November 17 1986 
SSSilS^S ''I™' ,Ue ' 7 eCti ° n COntr0 " in9 apparatUS in WhiCh a ^ maa " ■ out fo th 

:rr:^ in which - — - ° f - «J- -roner:^ n ; e 

SUMMARY OF THE INVENTION: 

[0003] In addition, another fuel injection controlling apparatus has previously been proposed in which a quantity of 
a,r stream flowmg into the intake manifold is calculated from an output of the airflow meter installed on the uZraanl 

Kri t e man ;^' a cy,inder vo,ume is ca,cu,ated - an *«™>««*> «** .** ** ». ^m^t 

rty brtween the a,r quantrty flowmg into the intake manifold and that flowing from the intake manifold into an inside of 
the cyhnder ,s earned out to derive the intake-air quantity in the manifold portion, and the desired internal cv inde 
ntake-a, quantrty ,s calculated on the basis of the air quantity in the manifold portion and the cylinder voZe 

mSS HowZlS 3 • "J aC °r te Ca ' CU,ati0n f ° r the imernal Cylinder '^ke-alr quantity can be achieved. 
[0005] However, in the variable valve open/closure timing controlled internal combustion engine in which the open 
and/or closure timing of intake vaKre(s) and exhaust valve(s) are controlled, particularly, the closure Hm^oYmeZke 

2 S2?."!?hT « k° adjUSt . thS interna ' e * Bn * r imake " air qUan% a contral over the intake valve clolre irSng 
mtheste^r 

wh ch T„T , *?" " *! Variab ' e °P en/closure «ming controlled internal combustion engine in 

which the open and/or closure timing of intake valve(s) are controlled, particularly, the closure timings of the intake 

5 T' r int3ke - air qUan% 3 COntr0 ' ° Ver the intake Va!ie <*»™ timing sfca ses sub 

tothlvSZ 

to this variation, the ,ntake-a.r quantrty passing through the throttle valve may often be varied Hence in the latter ore 
viously proposed fuel injection centreing apparatus, the cylndarW^qL^lactolrt^il^K 
an actual cyhnder volume is not abruptly varied (constant) and cannot respond to this abrupt change ConseSnTan 
automotive industry has demanded a more accurate calculation of the above-described MeZ crt"to"2 Stair 

2. Pr ° b,em ° CClJ,S 3 0936 Wh6re 3 ° Ver,ap diSp,aCement between tha^tdtSi 

valves is varied to vary a remaining gas quantity (internal EGFt). 

[0006] It is, therefore, an object of the present invention to provide internal cylinder intake-air quantity calculate 

thi a t fn h • ; T f r ' ntake " air qUan% 6Ven Whe " the abrupt chan 9 e in tne «*ni volume occurs or when 
the abrupt change in the valve overlap displacement occurs. 

[0007] According to one aspect of the present invention, there is provided an apparatus for calculating an internal 

cylinder ,ntake-a,r quantity for a variable valve timing controlled engine, comprising an airflow amZwSZS 

IT^Z^^T^ t respemo an intake vah/e whose - ^^^vS^ 

flnwmlrT ^nmed to calculate an air quantity flowing into the intake manifold from an output of the air- 
flow meter, to calculate a cylinder volume of a corresponding cyhnder of the engine; to calculate an income and outao 

SlS^TS? 8 * * ? • Ve a " a ' r qUam,ty in me intake manif0,d: 10 calculate internal finder intake-air 
quantrty on the basis of the a,r quantrty of theintake manifold and the cylinder volume; andto correct the calculated cyt 
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inder volume on the basis of at least valve closure timing of the intake valve. 

[0008] According to another aspect of the present invention, there is provided a method for calculating an internal 
cylinder intake-air quantity for a variable valve timing controlled engine, comprising: calculating an air quantity flowing 
into the intake manifold from an output of an airflow meter, the airflow meter being installed in an upstream portion of 

5 an intake manifold with respect to an intake valve whose at lease closure timing is variably controlled; calculating a cyl- 
inder volume of a corresponding cylinder of the engine; calculating an income and outgo of an air quantity flowing into 
the intake manifold and a cylinder intake-air quantity flowing from the intake manifold into the corresponding cylinder to 
derive an air quantity in the intake manifold; calculating the internal cylinder intake-air quantity on the basis of the air 
quantity of the intake manifold and the cylinder volume; and correcting the calculated cylinder volume on the basis of at 

w least valve closure timing of the intake valve. 

[0009] This summary of the invention does not necessarily describe all necessary features so that the invention 
may also be a sub-combination of these described features. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

15 

[0010] 

Fig. 1 A is a schematic functional block diagram of a controller in an internal cylinder intake-air quantity calculating 
apparatus for a variable valve open/closure timing controlled engine. 
20 Fig. 1 B is a schematic circuit block diagram of the controller shown in Fig. 1 A. 

Fig. 2 is a rough configuration view of the internal cylinder intake-air quantity calculating apparatus applicable to 
the variable valve open/closure timing controlled engine. 

Fig. 3 is a fundamental structural view of an electromagnetic drive of each of intake and exhaust valves. 
Fig. 4 is an example of an operational flowchart representing a calculation routine of an intake-air quantity flowing 
25 into an intake manifold shown in Fig. 2. 

Fig. 5 is an example of an operational flowchart representing a calculation routine of a volume of a cylinder shown 
in Fig. 2. • 

Fig. 6 is an example of an operational flowchart representing a continuous calculation routine of an intake manifold 
income and outgo calculation and an internal cylinder intake-air quantity. 
30 Fig. 7 is a schematic block diagram for explaining the continuous calculation shown in Fig. 6. Fig. 8 is an example 
of an operational flowchart representing a post-process routine. 

Fig. 9 is another example of an operational flowchart representing the post-process routine. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT: 

35 

[0011] Reference will hereinafter be made to the drawings in order to facilitate a better understanding of the present 
invention. 

[001 2] Fig. 2 shows a system configuration of a variable valve open/closure timing control system mounted internal 
combustion engine to which a preferred embodiment of an internal cylinder intake-air quantity calculating apparatus 
40 according to the present invention is applicable. 

[001 3] A combustion chamber 3 defined by a piston 2 for each cylinder of an engine 1 is provided with electromag- 
netically driven intake valve 5 and exhaust valve 6. In Fig. 2, a reference numeral 7 denotes an intake-air passage and 
a reference numeral 8 denotes an exhaust passage. 

[0014] Fig. 3 shows a basic structure of the electromagnetically driven intake valve and exhaust valve 6. 
45 [001 5] In Fig. 3, a plate-like armature 22 is attached onto a valve axle 21 of a valve body 20. Armature 22 is biased 
at a so-called neutral position defined as shown in Fig. 3 by means of a pair of springs 25 and 26. Then, a valve opening 
purpose electromagnetic coil 25 is disposed on a lower side of armature 22 and a valve closure purpose electromag- 
netic coil 26 is disposed on an upper side of armature 22. 

[0016] Hence, when the corresponding valve is to be opened, a power supply to upper valve closing purpose elec- 
so tromagnetic valve 26 is turned off and, thereafter, the power supply to lower valve opening purpose electromagnetic 
valve 25 is turned on so that armature 22 is attached onto the lower coil to lift valve body 20 to open the corresponding 
valve. On the contrary, when the valve is closed, the power supply to lower valve opening purpose electromagnetic coil 
25 is turned off and, thereafter, the power supply to upper valve closing purpose electromagnetic coil 26 is turned on 
so that armature 22 is attracted onto upper electromagnetic coil 26 to seat valve body 20 on a seat portion thereof. 
55 Thus, the valve is closed. It is noted that although the electromagnetically driven valve open/closure timing control 
mechanism is used in the preferred embodiment, a hydraulically driven valve open/closure timing control mechanism 
may be used.. 

[0017] Referring back to Fig. 2, an electronically driven throttle valve 9 is installed at an upstream of the intake man- 
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ifold in intake-air passage 7. 

Kr. ^ e ' eC,romagnetical, y drive " fuel 1 0 * '"stalled on an intake port of intake-air passage 7 for each 

£020] Controller 1 1 receives each signal outputted from a crank angle sensor 12 which outputs a crank anole sio- 
nal .n synchromzation wrth an engine revolution and which is enabled to detect a crank angula pTsWo" Tid I to deS 

ator SiTS Ne: T an acce,erator depression depth sensor 13 to ***** *p«2 2E3S J2££S 

^ nf f 3 W ' re a,rf, ° W m6,er 14 10 meaSUre intake " air < uanti * <™» "o* rate) Qa at the 
tion of mtake-a.r passage 7 than the throttle valve 9 with respect to intake vale 5 P 

Ehaust n i h |veTl e JLn!TJ n R i 2, J he 0Pe " C '° SUre timi " 9S °' ^'^magnetically driven intake vaVe 5 
Zt !? T 11 controlled in order to .mprove a fuel consumption due to a reduction of a pump loss Particu- 
arly, closure tim.ng IVC of intake valve 5 Is variably controlled with the open timing IVO of intake X 5 set * a timino 
a vicinity to an upper top dead center (UTDC) so that the intake-air quantity controlled *SEm££" 
t ty corresponding to a demand torque based on acceleration depression depth APO and engineTeed I N?and i ZZ 
stent,al non-throttle driving is carried out. In this case, the opening angle of electronically drive^e vi£ I £ se to 

SeZ^ 

E^e^ 

[0023] It is noted that under a particular driving condition such that a combustion state becomes worsened due to 

IhT 7 B T T** qUan,itV thr ° Ugh d0SUre timing IVC of intake «*• 5 (for exam^e^enaine 1 fa Is 
ino^ 

ZS^^JSTT? Me 9 S ° 33 ,0 COntr ° l ,he intake - air with timing ivcfof 

mtake valve 5 fixed at a stroke posrtion placed in a vicinity to a lower top dead center (LTDC). 

E, t . B ° th ° f ™. '"J""™ timing IT and final injection quantity Qsol of each fuel injector 1 0 are controlled on the 
f en9me t dmm , 9 C0ndfti0n - Fuel if **tion « uar -«ty Qsol is basically controlled to provide a desiid a fuel mix! 
ture ratio for an internal cylinder intake-air quantity (air mass in any one of the cylinder) Cc calculated as SiX 

30 [00251 An ignition tim.ng through each spark plug 4 is controlled to provide an MBT (Minimum anale for Best 
Torque) or knocking limit on the basis of the engine driving condition 1 ™ 9 6 f ° r BeSt 

E 6 ' _ NaXt ' internal °y iinder intake " air q ua "% Cc used to control such as the fuel injection quantity Qsol is calcu- 
lated in accordance with operational flowcharts shown in Figs 4 through 8 

35 Sflow^ha^ 

SSS u AS Sh T^ F !°- 2 ' 3 Unk °' the intake - a ^ quantity (airmass) measured by means of airflow meter 14 is Qa 
Kg/h) However, ,ntake-air quantity Qa is multiplied by 1/3600 to handle it as g/msec 

f s cm 9l (g ), .xzss^rs" at the inteke mantoid is pm (pa) - a vo,ume is vm <m - co ^' - ai — 

40 ESS* ln H a K ddi f 0n ' $UPP0Se that the PreSSUre Witnin eacn c y |inder is pc ( pa >. the volume is Vc (m 3 ) the air mass 
SSf°' ^ e temperature is Tc CO- and a rate <* a fresh air within the internal cylinder is „ (%) 

Enlem'S 

Kh 3 tI F f 4 S ? 0WS ?" "° WChart re P resemi "9 a calculation routine of an air quantity flowing into the intake mani- 
™1 h c H ° Wn in 4 fe eX6CUted f ° r eaC " P rede termined period of time (foLampfe 1 mHltecond) Te 
outine shown in i Rg . 4 corresponds to means for calculating an air quantity flowing in the intake manfc * 

fmm tie ou^ut oTl'oltZ ^ * 1 ' meaSUr6S ^ ° a ^ fl ™ « 9/msec.) 

[0034] At a step S2, controller 1 1 integrates intake-air quantity Qa to calculate art air ouantilv Pa fair m^- * « n 
mg into the manifold portion for each predetermined period of time At (Ca = Qa . M) 
SOS 5 Sh ° WS the f,owchart ^Presenting a calculation routine.of the cylinder volume 

^ 6 CalCU,ati0n rou,ine shown in Fi 9- 5 is executed for each predetermined period of time At This routine ' 
corresponds to means for calculating the cylinder volume including correcting means 

J^LJ^eS 1 ;^^^ C ' 0SUre timin9 ' VC ° f imaKe Va ' Ve 5 ' ° pen ^ ™« ^ -ive 5, 

[oS At me next ;r S Tp l^ T T,^ open/closure timi "9 control in controller 1 1 itself may be used. 
[0039] At the next step S12, controller 1 1 calculates an instantaneous cylinder volume from the time IVC at which 
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intake valve 5 is closed and sets the calculated cylinder volume as a target volume Vc (m 3 ). 

[0040] At the next step S13, controller 1 1 calculates a fresh air rate ri (%) within the cylinder according to open 
valve timing IVO of intake valve 5 and closure timing EVC of exhaust valve 6, and an EGR (Exhaust Gas Recirculation) 
rate, if necessary. 

5 [0041 ] That is to says a valve overlap displacement between intake valve 5 and exhaust valve 6 is defined accord- 
ing to open timing IVO of intake valve 5 and closure timing IVO of exhaust valve 6. As the overlapped phase becomes 
larger, a remaining quantity of gas (an internal EGR rate) becomes larger. Hence, the rate r| of the fresh air within the 
cylinder is derived on the basis of the valve overlap displacement. 

[0042] In addition, in the variable valve open/closure timing controlled engine, a control over the valve overlap dis- 
w placement permits a flexible control over the internal EGR rate. Although, in general, an EGR device (external EGR) is 
not installed, the EGR device may be installed. In this latter case, the EGR rate is further corrected to derive the final 
fresh air rate c. 

[0043] At the next step S14, controller 1 1 calculates an actual Vc (m 3 ) corresponding to the target air quantity (= 
target Vc • tj) by multiplying the fresh air rate 5 within the cylinder by the target Vc. At a step S15, controller 1 1 multi- 
75 plies the actual Vc (m 3 ) corresponding to the target air quantity by the engine speed Ne (rpm) to derive a variation 
velocity of Vc (volume flow quantity; m 3 /msec.) 

[0044] Vc variation velocity = actual Vc • Ne • K (1 ), wherein k denotes a constant to align the respective units into 
one unit and equals to 1/30 • 1/1 000. It is noted that 1/30 means a conversion from Ne (rpm) to Ne (1 80 deg./sec.) and 
1/1000 means the conversion of Vc (m 3 /sec) into m 3 /sec. 
20 [0045] It is also noted that, in a case where such a control as to stop operations of parts of the 
whole cylinders is performed, the following equation of (2) is used in place of equation (1). 
Vc variation velocity = actual Vc • Ne • K • n/N — (2) . 

[0046] In equation (2), n/N denotes an operating ratio of the whole cylinders when the parts of the whole cylinders 
are stopped, N denotes the number of the whole cylinders, and n denotes the number of the parts of the whole cylinders 
25 which are operated. Hence, if, for example, in a four-cylinder engine, one cylinder is stopped, n/N equals to 3/4. 

[0047] It is noted that, in a case where the operation of a particular cylinder is stopped, the fuel supply to the par- 
ticular cylinder is cut off with intake valve 5 and exhaust valve 6 of the particular cylinder held under respective complete 
closure conditions. 

[0048] At the next step S1 6, controller 1 1 integrates the Vc variation velocity (volume flow quantity; m 3 /msec.) to 
30 calculate cylinder volume Vc (m 3 ) = Vc variation velocity • At . 

[0049] As described above, cylinder volume Vc is calculated. Particularly, steps 1 1 through 14 correspond to the 
correcting means based on the intake and exhaust valve open/closure timings. 
[0050] Fig. 6 shows the flowchart representing a continuous calculation routine. 

[0051 ] The calculation routines of an intake-air income and outgo at the intake manifold and of the internal cylinder 
35 intake-air quantity are executed as shown in Fig. 6 for each predetermined period of time A t. This routine corresponds 
to the intake manifold intake-air income and outgo calculating means and to the internal cylinder intake-air calculating 
means. 

[0052] Fig. 7 shows a block diagram of the continuous calculating block. 

[0053] At a step S21 in Fig. 6, to calculate the intake income and outgo quantity in the intake manifold (the income 
40 and outgo calculation of the air mass Ca (= Qa • At) flowing into the manifold portion derived at the routine shown in 
Fig. 4 is added to a previous value Cn(n -1 ) of the air mass at the intake manifold. Then, cylinder air mass Cc(n) which 
is the intake-air quantity into the corresponding cylinder is subtracted from the added result described above to calcu- 
late the air mass Cn(n)(g) in the intake manifold. That is to say, as shown in Fig. 6, Cn(n) = Cn(n-1) + Ca - Cc — (1)' 
[0054] It is noted that, in equation (1)', Cc(n) denotes Cc of the air mass at the cylinder calculated at step S32 in 
45 the previous routine. 

[0055] At step S22, to calculate the internal cylinder intake-air quantity (air mass Cc at the cylinder), controller 1 1 
multiplies cylinder volume Vc derived at the routine shown in Fig. 5 with air mass Cm at the intake manifold and divides 
the multiplied result described above by manifold volume Vm (constant) to calculate an internal cylinder air mass Cc(g). 

so Cc = Vc • Cm/Vm (1). 

[0056] Equation (1) can be given as follows: according to an equation of gas state, 
P-V=C»V«T, C=Pc • Vc/(R • Tc) — (2). 

[0057] Suppose that Pc = Pm and Tc = Tm . Cc = Pm • Vc/(R • Tm)) — (3) . 
55 [0058] On the other hand, since, according to the gas state equation of 
P-V=C«R»T, P/(R'Tm) = Cm/Vm) — (4) 

[0059] If equation (4) is substituted into equation (3), Cc = Vc • [Pm/(R • Tm)] = Vc • [Cm/Vm] and equation (1) 
can be obtained. 
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2™ i„ /*i e ^T a ab ° Ve ' 8XeCUti0nS ° f St6pS S21 and S22 are repeated - namel * the continuous calculation as 
shown m Fig. 7 which represents the internal cylinder intake-air quantity can be obtained and can be outputted 
[0061] It is noted that a processing order of steps S21 and S22 may be reversed. 
[0062] Fig. 8 shows the flowchart representing a post-process routine 

Ste cSS!" t0 "* * 3 Step 531 • COntro,,er 1 1 ouf a weight mean of internal cylinder air mass Cc (g) to 
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Cck = Cckx(l -M) + CcxM {4) , 
[0064] In equation (4)', M denotes a weight mean constant and 0 < M < 1 

S S32> 0 ^ er t0 amnn the air mass ^ at the cvlinder after the weight mean processing is 

earned out nto that corresponding to one cycle of a four-stroke engine, controller 1 1 converts air mass CMmZ foe 
air mass (g/cycle) at the cylinder for each cycle (two revolutions = 720 degrees) 9 
[0066] ft is noted that if the weight mean processing is carried out onV when a large intake pulsation occurs in such 
can thr ° We (COmP,ete ' y ° Pen) ' b ° th ° f 3 ^ — control'respo^arlieSc 

Sbed c2e 9 Sh ° WS f '° WChart representing the ca,cu,ation P rocess °" the post-process routine in the above 

20 E ITfn fe ^ 3t cof P ^ COntr0 " er 1 1 Ca ' CUlateS a Variation rate ACc of air m ass Cc(g) at the cylinder 
BHo Lrm^ wht P r' 1 1 ACc wrth botn of Predetermined vSL A and B (A < 

le Tl dtZn^hL^i f 0 " ^ fa " S WitHin 3 P redetermined ra "9 a - ■ A < ACc <B (Yes) at step S36, Jm- 

S.70] tz sS ^rss y 5 p, T i e weigm mean processing and the routine g ° es » a st; p s37 - 

• . 1 , , f P • (9) = Cc(9) • Thereafter . «ie routine goes to a step S32. At step S32 controller 1 1 converts 

2s tzt^i air mass °* (g/cyc,e) ,or each cycie {tM ° revoiutions = 720 **> m the — t h i e s c t : n p v s 

SLrt C^T^ ab ° Ve ' Wh6, i intemal Cy ' inder intake " air t,uantit y ( internal c y ,inder a 'r mass Cc and Cck) is 
calculated, viz when the ,ncome-and-outgo calculations on air mass Cn are carried out while internal cylinder intake* 
a, quantity (cylmder airmass) Cc is calculated on the basis of manifold air mass Cm and cylinder volume Welder 

30 m ssr? r the of the ° pen and c,osure timings ° f intake «*• 5 ™* 3n ■ y 

ESS Part ' CUlarly ' the ,ntake - air " uant "y is according to the cylinder volume at the closure timing of the 

- 3 3000 9 10 ^ ^ Wfthin Cy ' inder WhiCh iS aCC ° rdanCe With the -<ve r^ dis 

K2 ♦• , H ! nC6 ' ! CCUrate calculation of the intemal c y»^er intake-air quantity can be achieved to cope with the 
substantial change in the cylinder volume. ™i«wp8wimine 

35 I 01 ?. 7 ? Hen0e ' Calculation accuracv of the "»temal cylinder intake-air quantity in the variable valve timino con- 
trolled engine can remarkably be improved, lauievaive timing con 

[0075] in the fuel injection control, the control accuracy of the internal cylinder intake-air quantity in the variable 
valve timing controlled engine can remarkably be improved. Mutiny in ine vanawe 

[0076] In the fuel injection control, the control accuracy of the air-fuel mixture ratio can thus be improved and both 
40 of exhaust performance and driving performance can consequently be improved 

5r°™- h f IT' Si0Ce n6ither 3 PreSSUre res P°nsive sensor nor a temperature sensor is installed in the intake- 
air quantity calculating apparatus, no increase in a manufacturing cost will be resulted 

SSL ," fh n ° te< ! tha l R9 - ^ Sh0WS 3 fUnCti ° nal b '° Ck diagram of * B internal inteka-air quantity calculating 

apparatus in the preferred embodiment according to the present invention nywucuianng 

45 r , , T F S 1 A ' COntr °" er 1 1 Sh ° Wn i0 Fig - 2 indUdeS: an intake manifo,d airflow quantity calculating section 1 1 a 
ttat caculates the air quantity flowing into the intake manifold from the output of airflow meter 14; a X^lume 
ca cu ating section lid that calculates the volume of the corresponding cylinder, on intake manifold inc^e and outao 
calculating section 1 1 b that calculates the air quantity flowing into the intake manifold and the cyW^r inteke air quS 
1 522? : L make mani,0 ' d int ° the corres P° ndin 9 *W to derive the air quantity in ?h £2 ^ScS an 

basiTn th! t a ' r , q r ntl,y Ca ' CU,ating S6Cti0n lfe ,hat Calcu,ates the inte ™l '"take-air quarion the 

bass of the air quantrty of the intake manifold and the cylinder volume; and a correcting section 1 1c that corrects he 

. 6 b f " ? *° ^ °P en/c,osure timi "9 s - the intake and exhaust vah,es 5 and B S 
furtherincludesfuelinjection (quantity) contrelling section 11f that calcu^ 

Lg sSl 1 e 0 " 8 ° f intemal CV,inder intak6 - air qUantrtV d6riVed at ^ in,i " al ideSS caS 

[0080] ft is also noted that Fig. 1 B shows an internal circuit structure of the controller 1 1 shown in Figs 1 A and 2 
9en A era,ly : nClUdeS a ^Processor 111, a common bus 112. a timer interrupt controller fi 3 a DMA 
(Direct Memory Access) controller 1 14, a RAM (Random Access Memory) 1 15, a ROM (Read Only Memory) ,16 ana 
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an I/O interface circuit having an Input port and Output port. 

[0081] It is further noted that, as viewed from Fig. 2, the numbers of intake valve 5 and exhaust valve 6 are single 
per cylinder but may be two or more per cylinder and the cylinder is single but the same calculation on the internal cyl- 
inder intake-air quantity is applicable to each of all cylinders of engine 1 . 
5 [0082] The entire contents of a Japanese Patent Application No. Heisei 11-223682 (filed in Japan on August 6, 
1999) are herein incorporated by reference. Although the invention has been described above by reference to certain 
embodiment of the invention, the invention is not limited to the embodiments described above. Modifications and vari- 
ations of the embodiments described above will occur to those skilled in the art in the light of the above teachings. The 
scope of the invention is defined with reference to the following claims. 

10 

Claims 

1. An apparatus for calculating an internal cylinder intake-air quantity for a variable valve timing controlled engine, 
comprising: 

15 

an airflow meter installed in an upstream portion of an intake manifold with respect to an intake valve whose at 
lease closure timing is variably controlled; and 

a controller programmed to calculate an air quantity flowing into the intake manifold from an output of the air- 
flow meter; to calculate a cylinder volume of a corresponding cylinder of the engine; to calculate an income and 
20 outgo of an air quantity flowing into the intake manifold and a cylinder intake-air quantity flowing from the intake 

manifold into the corresponding cylinder to derive an air quantity in the intake manifold; to calculate the internal 
cylinder intake-air quantity on the basis of the air quantity of the intake manifold and the cylinder volume; and 
to correct the calculated cylinder volume on the basis of at least valve closure timing of the intake valve. 

25 2. An apparatus for calculating an internal cylinder intake-air quantity for a variable valve timing controlled engine as 
claimed in claim 1 , wherein the controller is programmed to correct the cylinder volume on the basis of the corre- 
sponding cylinder volume at the timing at which the intake valve is closed. 

3. An apparatus for calculating an internal cylinder intake-air quantity for a variable valve timing controlled engine as 
30 claimed in claim 2, wherein the controller is programmed to correct the cylinder volume on the basis of a rate of 

fresh air within the corresponding cylinder in accordance with open and closure timings of the intake valve and an 
exhaust valve. 

4. An apparatus for calculating an internal cylinder intake-air quantity for a variable valve timing controlled engine as 
35 claimed in claim 1 , wherein the controller is programmed to calculate the air quantity Ca flowing into the intake man- 
ifold as follows: Ca = Qa + At, wherein Qa denotes the output of the airflow meter in g/msec. and A t denotes a 
predetermined period of time. 

5. An apparatus for calculating an internal cylinder intake-air quantity for a variable valve timing controlled engine as 
40 claimed in claim 4, wherein the controller is programmed to detect the valve closure timing IVC of the intake valve, 

a valve open timing IVO of the intake valve, and a valve closure timing EVC of the exhaust valve; to calculate the 
cylinder volume at the valve closure timing IVC of the intake valve according to the timing IVC of the intake valve to 
derive a target cylinder volume target Vc; to calculate the rate r\ of fresh air in the corresponding cylinder according 
to the valve open timing of the intake valve and the valve closure timing of the exhaust valve; to calculate an actual 
45 cylinder volume actual Vc corresponding to a target air quantity as follows: actual Vc = target Vc • t| ; to calculate 
a cylinder volume variation velocity Vc variation velocity as follows: Vc variation velocity = actual Vc • Ne • K, 
wherein Ne denotes an engine speed and K denotes a constant; and to calculate the cylinder volume Vc in m 3 
Vc = Vc variation velocity -At. 

so 6. An apparatus for calculating an internal cylinder intake-air quantity for a variable valve timing controlled engine as 
claimed in claim 5, wherein the controller is programmed to calculate the income and outgo of the air quantity flow- 
ing into the intake manifold and the cylinder intake-air quantity as follows: Cm(n) = Cm(n - 1) + Ca- Cc(n) , 
wherein Cc(n) denotes an internal cylinder air mass Cc at a present time and Cc = Vc •CrrWm , wherein Vc 
denotes the cylinder volume ( Vc = Vc variation velocity • At ), Cn(n -1) denotes an air mass in the intake manifold 

55 Cm at a previous time, and Vm denotes a volume of the intake manifold. 

7. An apparatus for calculating an internal cylinder intake-air quantity for a variable valve timing controlled engine as 
claimed in claim 6, wherein the controller is programmed to calculate the internal cylinder intake-air quantity using 
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IZTT^^T*?? f0 " 0ws:Cck = C <* • d-M) + Cc • M.wherainMdenotesaweightmeanconstant 
and 0 < M < 1 and to calculate the internal cylinder air mass per cycle as follows: Cck (g/cycle) = Cck /(120/Ne) 

usam for ca,cuiati : g „ a " imerna| «*■*»■«■ ***** v****, ** * ^ e ^ mm g C o nM 6 

where.n the engine ,s controlled wrth a fuel supply to a particular cylinder cut off and the corresponding intate and 
exhaust valves held to be closed completely and wherein the controller Is progmmmedtocalcutetXSrS 
ume var.at.on velocity Vc variation velocityas follows: Vc variation velocrty = adua. Vc • Ne ' K • n/N lerein 

ZTtnLVT^ 9 rati °K° f T Wh0 ' e Cy ' indere ° f the en 9 ine " N denotes the ™**> * cyli o The 
engine, and n denotes the number of operating cylinders. 

2^T£TT* n l an intemal Cy ' inder iPtake - air qUantity ,0r 3 «*» timi "9 controlled engine as 

claimed ,n daim 4 wherein the controller is programmed to calculate an EGR rate and wherein the controller is orl 

SaVol^T* T V h freSh ^ the aCC ° rdin 9 ,0 the EGR rate in addZTo he op^n 

timing IVO of the intake valve and the closure timing EVC of the exhaust valve. 

An apparatus for calculating an internal cylinder intake-air quantity for a variable valve timing controlled engine as 
claimed in claim 1 , wherein the controller is programmed to control a fuel injection quantity o?the enghe through a 
fuel injector on the basis of the calculated internal cylinder intake-air quantity. me engine through a 

12 " compSnT 8 CalCU,atin9 ^ intema ' ° ylinder intak6 - air quantit y for a variable va ^ «ming controlled engine, 

$T™Z«?^Z™T 9 means for calcu,ann9 an air quan% f,owing imo the intake manifo,d 

cylinder volume calculating means for calculating a cylinder volume of a corresponding cylinder of the engine- 
I Z 1 r° m TZ ° Ut9 ° Ca ' CU,a,in9 mSanS f ° r Ca ' CUlatin9 an ™ and ° ut 9° Si, air quanfl^ flow ng 

££££ 7 a cy,inder in,ake " air quantity flowin9 f rom the imake manifold into *• coJLpTJ 

mg cylinder to denve an air quantity in the intake manifold- 

on IIT^m?' intake " ai - qUantity calculatin 3 means for calculating the internal cylinder intake-air quantity 
on the basis of the air quantity of the intake manifold and the cylinder volume- and 

ShTS vThT COrreCtin9 CalClJlated Cy ' inder V ° ,Ume ° n the basis ° f at ,east valve closure timi "9 <* 
o V riTin t o h ° d Ca ' CUlatin9 ^ imemal Cy ' inder intak6 " air qUamity f ° r 3 Variable valve timi "9 controlled e "9 ine - «*>- 



9. 



10. 



11. 



Trt^nlZ™ qU3nt ! y fl0Win9 int ° the int3ke mar,if0ld from an 0U, P ut of a " airflow ™ter, tne airflow meter 
be n installed ,n an upstream portion of an intake manifold with rasped to an intake valve whose at lease do- 
sure timing is variably controlled; 

calculating a cylinder volume of a corresponding cylinder of the engine- 
calculating an income and outgo of an air quantity flowing into the intake manifold and a cylinder intake-air 
quamrty flowing from the intake manifold into the corresponding cylinder to derive an air quaTtlJ in SSZ 

correcting the calculated cylinder volume on the basis of at least valve closure timing of the intake valve. 
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